Purpose To evaluate the efficacy of luteal phase support with vaginal progesterone in women undergoing intrauterine insemination (IUI). Methods Systematic review and meta-analysis. Randomized controlled trials (RCT) comparing supplementation of luteal phase with vaginal progesterone among women undergoing IUI versus a control group were included. The main outcome assessed was live birth rate. Results Five RCT met the inclusion criteria. In all 1,271 patients were included (951 IUI cycles in the progesterone group, 935 in the control group). Women treated with vaginal progesterone achieved significantly higher live birth rate (risk ratio [RR] 1.94, 95 % confidence interval [CI] 1.36 to 2.77,), and clinical pregnancy rate (RR 1.41, 95 % CI 1.14 to 1.76) as compared with controls. In the subgroup analysis per stimulation protocol, this beneficial effect of receiving progesterone was only observed in the group stimulated with gonadotropins (RR 2.28, 95 % CI 1.49 to 3.51), compared to the group stimulated with clomiphene citrate (CC) (RR 1.30, 95 % CI 0.68 to 2.50). No differences were observed in the miscarriage and multiple pregnancy rates. Conclusions The supplementation of luteal phase with vaginal progesterone significantly increases live birth among women undergoing IUI when receiving gonadotropins for ovulation induction. Women receiving CC to induce ovulation do not seem to benefit from this treatment.
Introduction
Intrauterine Insemination (IUI) is a fertility treatment that employs different fertility drugs to achieve ovarian stimulation, and triggers ovulation with human chorionic gonadotropin (hCG), followed by the introduction sperm into the uterine cavity.
Despite being one of the oldest assisted reproductive technologies (ART), IUI continues to be widely used. Latest reports from European data provided by the European Society of Human Reproduction and Embryology (ESHRE), show a consistent increase throughout the years, reaching a total of 162.843 IUI cycles by husband (IUI-H) and 29.235 IUI cycles by donor (IUI-D) in 2009 [1] .
Implantation and maintenance of an early pregnancy is known to be strongly dependent on the production of progesterone, the major product of the corpus luteum, by inducing a secretory transformation of the endometrium during luteal phase [2] . However, an adequate estrogen priming is necessary to achieve an adequate expression of progesterone receptors in the endometrium, and thus improve endometrial receptivity to progesterone [2] .
With reference to the ART, various mechanisms have been proposed to explain the luteal deficiency observed particularly in IVF cycles, although there is some controversy in the published literature [2] [3] [4] [5] [6] . Indeed, one can assume that multifollicular development and consequently the supraphysiological estradiol levels secreted by the multiple corpora lutea during the early luteal phase exert a negative feedback of the hypothalamicpituitary axis, inhibiting the LH release necessary for the corpus luteum function [7] .
Certainly, the effect of progesterone supplementation during luteal phase in IVF cycles has been addressed in several studies, and there is more consensus with regard to its beneficial role on reproductive outcomes [8] . However, this effect seems less consistent in IUI cycles.
The aim of this meta-analysis is to assess the effect of supplementing luteal phase with vaginal progesterone on live birth among patients undergoing IUI.
Materials and methods
The study was exempt from Institutional Review Board approval because this was a systematic review and meta-analysis.
We endorsed the preferred reporting items to systematic review and meta-analysis (PRISMA statement) to report the results of this systematic review [9] .
Search strategy
We performed an exhaustive electronic search in the following databases: MEDLINE, EMBASE (from their inception until January 2013), and The Cochrane Central Register of Controlled Trials (CENTRAL) (issue 1, 2013). The search combined terms and descriptors related to progesterone, luteal phase and intrauterine insemination. The search strategy was modified to comply with the requirements of each database consulted. We added validated filters to that strategy to retrieve clinical trials [10, 11] 
Eligibility criteria
The review included randomized controlled clinical trials (RCTs) of women undergoing IUI of whether the cause of infertility or subfertility was due to male or female factors. The type of intervention evaluated was the administration of vaginal progesterone during luteal phase support compared without treatment or the administration of placebo during luteal phase (Table 1) .
Outcome measures
The main outcome of interest for the review was live birth rate. Secondary outcomes were clinical pregnancy rate, biochemical pregnancy rate and adverse events, which include 
Design
Randomized controlled trial multiple pregnancy and miscarriage rates. All the outcomes of interest were considered per cycle analyzed. The outcomes were defined according to the terminology recommended in the International Committee Monitoring Assisted Reproductive Technologies (ICMART) [12] . According to this, live birth is defined as the expulsion of its mother of a product of fertilization, irrespective of the duration of the pregnancy, which after such separation shows any evidence of life. Clínical pregnancy is defined as a pregnancy which is diagnosed by ultrsonographic visualization of one or more gestational sacs or definitive clinical signs of pregnancy, while biochemical pregnancy refers to a pregnancy diagnosed only by the detection of hCG in serum or urine. Regarding adverse events, multipe pregnancy (or mltiple gestation) is defined by a pregnancy with more than one fetus, while miscarrage refers to the spontaneous loss of a pregnancy before 20 completed weeks of gestational age.
Data extraction
Data were collected using standard forms in which characteristics of the study design, participants, interventions, comparisons, and main results were recorded. Two independent authors (E.M.R., and P.N.B) judged study eligibility, assessed quality and extracted data solving discrepancies by agreement, and if needed, reaching consensus with a third author (M.A.C). The agreement between reviewers was analyzed using the weighted kappa for each inclusion criterion [13] and kappa with quadratic weighting for the quality components [14] .
Assessment of risk of bias
We assessed the risk of bias of the studies included in the review according to the Cochrane Collaboration's recommended tool [15] , which is a two-part tool, addressing six specific domains (sequence generation, allocation concealment, blinding, incomplete outcome data, selective outcome reporting and 'other issues') and answering a pre-specified question about the adequacy of the study in relation to the entry. A judgment of "yes" for all domains indicates a low risk of bias, a judgement of "no" for one or more domains indicates a high risk of bias. We interpreted the risk of bias in the specific domains as "unclear" when the information was not available. The risk of bias for the included trials is detailed in Table 2 .
As we did not expect to identify blinded trials, we centered our assessment in the accuracy of the random sequence generation and its concealment. Those studies with limitations in this design were considered biased, with a limitation in the confidence in their results. We performed a sensitivity analysis excluding studies with a high risk of bias from the pooled effect estimates.
Besides, in order to assess the risk of publication bias, a funnel plot followed by Egger's test to evaluate a possible asymmetry would be performed if the number of trials included in this metaanalysis reaches 10 or higher, since the power of this test would be too low to distinguish chance from real asymmetry [16] .
Analysis
To determine the pooled effect of each variable, a random effects model was used. The relative risk (RR) for dichotomous outcomes and the mean difference (MD) for continuous outcomes accompanied by the 95 % confidence intervals (CIs) were calculated. Statistical significance was set at a P value <.01. We evaluated the degree of variation across studies attributable to heterogeneity with the I 2 statistic [17] . We conducted the meta-analysis using Review Manager software 
Results
A total of 684 studies were retrieved in the initial electronic search but 617 were excluded by title and/or abstract screening. The remaining 11 studies were considered eligible by one or both reviewers. During the second phase of the inclusion process, out of the 11 trials, 1 was excluded because of nonrandomized comparisons [18] and 5 because they did not evaluate the intervention nor the outcomes of interest. Finally, 5 RCT met the inclusion criteria and were included [19] [20] [21] [22] [23] . The flow chart of the included in the meta-analysis is shown in Fig. 1 . The two reviewers achieved good agreement in the selection of trials for inclusion (98 % agreement, weighted kappa 0.56, 95 % CI 0.28-0.83).
Description of included studies
A total of 1,271 women were randomized to an intervention group receiving vaginal progesterone during luteal phase (n =951) and a control group without treatment (n =935), and 1,886 cycles were analyzed.
Two trials considered for inclusion only one cycle per woman randomized [19, 21] . Meanwhile, in the remaining three trials [20, 22, 23] , several cycles per patient were analyzed, as shown in Table 2 . All studies performed the randomization process per woman. Trials that included more than one cycle, from the second cycle onward, the patient either remained in the same group [22, 23] or alternated groups subsequently [20] . Hence, results from this meta-analysis are expressed per cycle analyzed, since an intention-to-treat analysis, methodologically, cannot be performed.
The mean age reported across the studies was comparable and each study reported and in both intervention and control group.
The inclusion criteria were relatively heterogeneous among the studies, especially regarding the distribution of women [20, 21] . With regard to the ovarian stimulation protocol, there are also notable differences across the five studies. Maher et al. [20] and Erdem et al. [23] used 75 IU recombinant follicle stimulating hormone (rFSH), while Ebrahimi et al. [22] , Kyrou et al. [21] and Agha-Hosseini et al. [19] used 50 mg of clomiphene citrate (CC) in different regimens. This later trial also administered 5 mg of letrozole daily in one of their study groups.
Ovulation was triggered in all studies with hCG when at least one to three dominant follicles were bigger than 17 mm. Kyrou [19, 20, 23] .
With reference to luteal phase support within the intervention group, there was also certain heterogeneity across the trials regarding dosage and duration of the treatment. Characteristics of the studies included in the meta-analysis are shown in Table 3 .
Internal validity of included studies
In general, trials did not provide complete data regarding methodological aspects of the RCT included in this meta-analysis. Four trials performed randomization through computer-generated sequences [19] [20] [21] 23] , except for Ebrahimi et al., who performed sequential allocation [22] .
In addition, outcome assessment blinding remains unclear in all studies since they do not provide with this information. However, since none of the trials was placebo-controlled, patients were not blinded to the intervention. The methodological data regarding the included trials are shown in Table 2 . 
Main outcomes

Live birth
Only three studies reported this outcome in their published data [20, 22, 23] .
The three studies achieved a higher number of live births among women receiving vaginal progesterone during luteal phase (83 events out of 607 cycles), compared with the control group (41 events out of 589 cycles). After performing a subgroup analysis according to the ovarian stimulation protocol, the group that received rFSH [20, 23] showed higher live birth rate among women receiving progesterone, results that were statistical significant (RR 2.28, 95 % CI 1.49 to 3.51, p <0.000). However, the group stimulated with CC [22] did not show differences among women receiving progesterone compared to the control group (RR 1.30, 95 % CI 0.68 to 2.50, p =0.43).
The pooled analysis of the data from the three trials found that women receiving vaginal progesterone achieved significantly higher number of live births as compared with women in the control group (RR 1.94, 95 % CI 1.36 to 2.77), although these results showed moderate inconsistency (p <0.000, I 2 =40 %) (Fig. 2a) . When we considered only the studies at low risk of bias in a sensitivity analysis, the difference between groups were larger (RR 2.28, 95 % CI 1.49 to 3.51), and reslts appeared to be slightly more consistent (I 2 =34 %) (Fig. 3 .)
Clinical pregnancy
The five studies provided data for the outcome of clinical pregnancy, achieving a total of 169 events out of 951 cycles in the progesterone group, and 116 events out of 935 cycles in the control group [19] [20] [21] [22] [23] .
In the subgroup analysis according to the ovarian stimulation protocol, the group stimulated with rFSH [20, 23] achieved higher number of clinical pregnancies among women in the progesterone group as compared to the control group (RR 1.57, 95 % CI 1.15 to 2.15, p =0.004). Neither the group stimulated with letrozole [19] nor the CC group [19, 21, 22] showed any differences with regard to clinical pregnancy rate between the intervention and the control group (RR 1.76, 95 % CI 0.94 to 3.30, p =0.08, and RR 1.17, 95 % CI 0.82 to 1.65, p =0.39, respectively).
The pooled analysis showed a significantly higher number of clinical pregnancies among women receiving progesterone as compared with the control group (RR 1.41, 95 % CI 1.14 to 1.76, p =0.002, I 2 =0 %) (Fig. 2b ).
Biochemical pregnancy
The five studies reported data regarding this outcome, achieving 203 events out of 951 cycles in the progesterone group, and 137 events out of 935 cycles in the control group. In a subgroup analysis, the group stimulated with rFSH achieved significantly higher biochemical pregnancies in the progesterone group as compared to the control group (RR 1.81, 95 % CI 1.36 to 2.43, p <0.000). However, in the other two stimulation protocols (letrozole and CC) did not find statistically significant differences (RR 1.27, CI 95 % 0.78 to 2.08, p = 0.33, and RR 1.15, CI 95 % 0.84 to 1.58, p =0.39, respectively).
The pooled analysis showed a significantly higher number of biochemical pregnancies among women in the progesterone group as compared with the control group (RR 1.44, 95 % CI 1.18 to 1.75, p <0.000, I
2 =12 %) (Fig. 4) .
Adverse events
Multiple pregnancy
The five trials provided data regarding multiple pregnancy, with 13 events out of 951 cycles in the progesterone group, and 12 events out of 935 cycles in the control group. The subgroup analysis did not show significant differences in any of the stimulation protocols (rFSH, letrozole, CC) when comparing the progesterone and the control group.
The pooled analysis did not detect significant differences between the two study group (RR 1.04, 95 % CI 0.48 to 2.23, p =0.93, I 2 =0 %) (Fig. 5a ).
Miscarriage
Four of the studies provided [19] [20] [21] 23 ] data regarding miscarriage rate. However, Ebrahimi et al. [22] did not report this outcome, although it was calculated indirectly through outcomes of live birth and biochemical pregnancy. Out of 1,886 cycles, in the progesterone group 68 miscarriages were observed out of 951 cycles, and 52 out of 935 in the control group.
In the subgroup analysis, no differences were observed regarding miscarriage rate between the two study groups in any of the stimulation protocols (rFSH, letrozole, CC).
In the pooled analysis, no statistically significant differences were found between the progesterone group as compared to the control group (RR 1.27, 95 % CI 0.90 to 1.79, p =0.18, I 2 =0 %) (Fig. 5b) .
Discussion
This systematic review and meta-analysis gathered previously published evidence and data obtained from the original authors to provide pooled estimates regarding the use of vaginal progesterone as luteal phase support among women undergoing IUI, compared to a control group. The analysis showed a statistically significant increase in live birth in women receiving vaginal progesterone, without increasing miscarriage and multiple pregnancy rates. However, these differences were observed only in the subgroup of women who received rFSH to induce ovulation. This is the first systematic review and meta-analysis that evaluates the efficacy of the vaginal progesterone during luteal phase in patients undergoing IUI, in which only randomized controlled trials were included.
One of the strengths is the large number of IUI cycles included, with a total of 1,886 cycles. In addition, the present study used live birth as the primary outcome, since it should be the most relevant outcome in reproductive disorders. On the other hand, data recorded from all the included trials showed that vaginal progesterone supplementation does not increase the risk of adverse events, such as multiple pregnancy and miscarriage rates (Fig. 5) . Despite the strengths mentioned above, the current study has several limitations that need to be considered. First, there is clinical heterogeneity in terms of inclusion criteria, as mentioned previously in the 'description of the included studies', particularly the study by Kyrou [21] , whose trial included a subgroup of non-subfertile women (lesbian and single mothers), unlike the other RCTs (Table 3) .
There is also marked heterogeneity with regard to the ovarian stimulation protocol used throughout the trials, as well as, the dose and duration of treatment with vaginal progesterone. While four of the studies used either CC or rFSH as a single protocol of stimulation [20] [21] [22] [23] , the trial by AghaHosseini et al. [19] established four different regimens using CC and letrozole (Table 3) . With reference to the progesterone supplementation, there is limited evidence regarding the dose required and the duration of the treatment, albeit there is homogeneity throughout the trials at using natural micronized progesterone. There is also heterogeneity in the hCG dose to induce ovulation (5.000 or 10.000 UI). This is a significant event for its long half-life and its impact along the luteal phase.
In addition, results for clinical and biochemical pregnancy, as well as multiple pregnancy and miscarriage rates, show high consistency across the studies (defined by I 2 ) [22] . However, it is necessary to highlight the moderate inconsistency of the results in the pooled analysis for live birth, albeit live birth rate is significantly higher in the progesterone group (Fig. 2a) . To a certain extent, this could be explained by the fact that only three trials reported this outcome, since the pooled analysis of the remaining outcomes (clinical and biochemical pregnancies, and multiple pregnancy and miscarriage) showed consistency (Figs. 2b, 4 and 5) . Besides, when performing a subgroup analysis on live birth per stimulation protocol, the trial using CC [23] did not show significant differences, while the two studies using rFSH [20, 24] achieved significantly higher live births.
When performing a sensitivity analysis by excluding studies at high risk of bias, in terms of live birth, the difference between groups were larger (RR 2.28, 95 % CI 1.49 to 3.51). Interestingly, in this analysis that considered only trials that performed ovarian stimulation with rFSH, the results showed higher consistency (I 2 =34 %). Furthermore, regarding methodological aspects, it is necessary to point out that the present meta-analysis evaluates results per cycle analysed, and does not perform an intention-to-treat analysis. In this regard, three of the trials included more than one cycle per woman proceeding to randomization per woman instead of per cycle. Thus, from the second cycle onward, depending on the trial's design, the patient either remained in the same group [23, 24] or alternated groups subsequently [20] , impeding the analysis per woman randomized.
Despite all these limitations, a significant increase in live birth was found when supplementing luteal phase with vaginal progesterone. When performing a subgroup analysis, these differences observed in live birth and clinical pregnancy rates were only found in the group receiving rFSH to induce ovulation. Conversely, when using either CC or letrozole for ovarian stimulation, progesterone administration did not improve these reproductive outcomes (Fig. 2) , results that could be explained by the biological role of these two drugs.
As a selective aromatase inhibitor, letrozole prevents the conversion from androgens to estrogen, releasing the hypothalamic-pituitary axis from the negative feedback exerted by estrogens. Its role as an ovulation inductor is based on this hypoestrogenic state, which increases GnRH release and thus FSH levels [25] .
Likewise, CC exerts comparable effects as an ovulation inductor [26] . Its biological role is based on its capability to block estrogenic hypothalamic receptors, thanks to its structural similarity with estrogen [27] . Thus, similarly to letrozole, the hypoestrogenic environment promotes the GnRH pulsatility, increasing levels of FSH and LH. Clomiphene citrate has a prolonged effect on the hypothalamic receptors and, interestingly, it has been documented that women using CC for ovarian stimulation achieved higher serum progesterone levels during the mid-luteal phase, as compared to spontaneous cycles [28] .
With regard to the exogenous administration of rFSH, follicular development is achieved by direct stimulation of granulosa cells in the ovary. The aspiration of granulosa cells of multiple follicles and the use of GnRH agonists in IVF cycles can cause a deficient luteal phase. However, one can assume that the main cause of deficient luteal phase in IVF cycles is probably the multifollicular growth and the supraphysiological estrogen levels, that interfere with LH secretion via negative feedback [7] . Hence, since more than one dominant follicle is often obtained in IUI cycles, it seems reasonable to conceive that the hormonal levels achieved in IUI when stimulating with rFSH could potentially mimic the effect observed in IVF cycles, although at a lower level. In fact, a shortened luteal phase has been reported in up to 20 % of stimulated cycles with rFSH [29] .
Therefore, it seems biologically plausible that particularly IUI cycles stimulated with rFSH would benefit from progesterone supplementation during luteal phase, which is in agreement with the results presented herein.
In conclusion, there is evidence to suggest that luteal phase support with vaginal progesterone significantly improves live birth rate among women undergoing IUI, particularly when using rFSH to induce ovulation. However, these results should be interpreted with caution since vaginal progesterone showed positive results only in one subgroup of analysis. In addition, since this meta-analysis includes a low number of events in terms of live birth, the inclusion of studies with a larger sample size could change the direction of these results. Thus, further studies are needed to confirm these findings.
